An inhibitory effect of valine on the growth of Bacillus anthracis was reported by Gladstone in 1939 (5). Similarly, leucine and isoleucine added singly to a synthetic medium inhibit the growth of this microorganism. An inhibitory effect of Lvaline on the growth of Escherichia coli K-12 was also reported (2). Umbarger and Brown (15) suggested that the mechanism of inhibition is the interference of excess valine with the biosynthesis of isoleucine. Repression by valine, acting in concert with isoleucine and leucine, of the enzymes involved in the biosynthesis of valine and isoleucine has also been reported for different microorganisms (1, 4).
An inhibitory effect of valine on the growth of Bacillus anthracis was reported by Gladstone in 1939 (5) . Similarly, leucine and isoleucine added singly to a synthetic medium inhibit the growth of this microorganism. An inhibitory effect of Lvaline on the growth of Escherichia coli K-12 was also reported (2) . Umbarger and Brown (15) suggested that the mechanism of inhibition is the interference of excess valine with the biosynthesis of isoleucine. Repression by valine, acting in concert with isoleucine and leucine, of the enzymes involved in the biosynthesis of valine and isoleucine has also been reported for different microorganisms (1, 4) .
Recently, Temple et al. (14) showed that Lvaline inhibits the overall rate of protein synthesis and also the synthesis of f3-galactosidase during induction in the presence of glycerol in E. coli K-12. In contrast, Pseudomonas saccharophila is only slightly inhibited by valine during ordinary growth. After a shift to a new carbon source, however, the organism becomes sensitive to high valine concentrations. The work on P. saccharophila presented here reveals that, under these conditions, protein turnover is stimulated.
MATERIALS AND METHODS
Organism. Amino acids were obtained from Calbiochem, Los Angeles, Calif., and the radioactive amino acids were purchased from Volk Radiochemical Co., Los Angeles, Calif.
Stock cultures of P. saccharophila were maintained in the growth medium described previously, with 0.2% sucrose as the carbon source (11) .
Experimental culture. To prepare inocula for experimental cultures, 5 ml of stock culture was added to 45 ml of growth medium containing 0.2% sodium lactate instead of 0.2% sucrose as the carbon source, and was shaken for 24 hr at 30 C. The resulting culture was then used as the inoculum for 500 ml of growth medium containing 0.2% lactate. After 18 hr, the bacterial cells were sedimented at 4,000 X g for 10 min and washed in a volume of 0.033 M phosphate buffer (pH 6.8) equal to the original volume of culture. The washed cells, resuspended in the appropriate medium, were used as the experimental culture.
Induction of sucrose phosphorylase. A portion of cell suspension (sufficient to yield a final concentration of 0.4 + 0.04 mg of bacterial protein per ml) was added to either complete medium or phosphate buffer containing 0.2% sucrose.
The enzyme activity was assayed by the method of Doudoroff (3) , by use of enzyme extracts prepared by sonic treatment in an ultrasonic disintegrator (model 3100; Measuring & Scienfic Equipment, Ltd., London, England). Cell suspensions were subjected to 20 kc/min for 8 min at an output of 500 w. Enzyme extracts containing more than 10 units of enzyme per ml were incubated at 30 C for 20 min; less-active enzyme extracts were incubated for 1 hr. Protein was determined by the method of Lowry et al. (7) .
Determination of the incorporation of 14C amino acid into proteins. The cells in 20 ml of culture were precipitated by the addition of 10 ml of 15% trichloroacetic acid, and then the cells were washed with 30 ml of cold 5% trichloroacetic acid. (This simplified procedure was found to yield the same 14C activity in the final product as did the customary lengthier process involving hot trichloroacetic acid, alcohol, and ether.) The precipitate was dissolved in 0.5 ml of 88% formic acid, and an 0.4-ml sample of the formic acid mixture was added to 10 no valine racemase was found in P. aeruginosa (12) . It is also possible that the site at which Lvaline binds lacks specificity and has a lower affinity for D-valine.
Sixteen amino acids were tested under the same conditions, and only D-and L-valine or Lisoleucine inhibited net protein synthesis. However, when valine and isoleucine were added together in a ratio of 3:1, no inhibition was observed. These results suggest that valine acts by feedback inhibition as proposed by Umbarger and Brown (15) .
Effect of valine on the incorporation of 14C.
valine into proteins. To analyze the mechanism of valine inhibition, the effect of valine on the incorporation of 14C-labeled amino acids was studied. To the culture described above (Fig. 1) , L-valine-1-'4C was added to give a final activity of 0.02 ,uc/ml. At the end of 2 hr, samples were removed, to determine total protein and radioactivity. Figure 1 shows that valine incorporation into protein is a function of the concentration of added valine, and that this incorporation is not directly related to the inhibition of net protein synthesis. Over the range of valine concentrations causing severe inhibition, valine is nevertheless incorporated into proteins in large amounts.
In this experiment, when exogenous valine was present at 1.0 ,smole/mg of initial protein, the valine actually incorporated into total proteins was 14.2% of the observed net protein increase, and at 1.5 Amoles it approached 17%. Amino acid analyses on normal as well as valine-inhibited cells showed that both types of cells contained 7.5% valine in their total protein. Thus, the "excess" incorporation of '4C-valine could be used to calculate protein turnover. Table 1 shows the progressive increase in "turnover" rates as the valine concentrations increased. At 1.56 ,umoles of valine per mg of initial protein, this rate approaches the turnover rate of the resting cells.
Effect of valine on turnover of 14C-leucine in protein.
The effect of valine on protein turnover was also examined by studying the effect of added valine on the incorporation of 14C-leucine into proteins, and on the release of leucine from prelabeled cells. In the first experiment, bacterial cells were handled exactly as described in the previous section, except that the '4C-valine was replaced by an equal amount of L-leucine-1-14C, and L-valine was used as the inhibitor of net protein synthesis. Table 2 demonstrates again the inhibitory effect of added valine. Furthermore, incorporation of L-leucine actually increases substantially under these circumstances. This suggests that, as the valine concentration is increased, leucine is incorporated into "turnover protein."
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The effect of L-valine on the release of radioactivity from cells prelabeled with leucine-1-14C was also examined. Cells labeled with 14C-leucine were harvested and subcultured in sucrose growth medium in the presence of a large quantity of unlabeled leucine and various amounts of L- bExpressed as counts X mg of new net protein-l X minml X 10-5. valine. Samples from each culture were precipitated with trichloroacetic acid at a final concentration of 5%, and the radioactivity of the acid-soluble fractions was determined. A progressive release of radioactivity was observed during the growth up to 2 hr (Fig. 2) . Subsequently, the radioactivity began to decrease, probably because of reincorporation of the labeled amino acid into protein. Figure 2 shows that more 14C activity was released to the acidextracted fractions as the valine concentration increased. The turnover rates for cellular protein calculated from these data agree reasonably well with those obtained from studies on the incorporation of 14C-valine. For example, at 1.53 ,umoles of valine, the turnover calculated by the release of radioactivity, during the first 30 min, is 6.7% per hr; at 1.01 ,umoles of valine, the rate is 4.5%.
Effect of L-valine on the formation of inducible sucrose phosphorylase. Since valine strongly inhibited net protein synthesis, it appeared of interest to examine whether valine similarly inhibited the induced synthesis of a specific protein, particularly an enzyme necessary to generate energy from sucrose. Table 3 shows that L-valine indeed inhibited the formation of sucrose phosphorylase. The amount of this enzyme synthesized is directly proportional to net protein synthesis and is not related to the total protein synthesis, which includes proteins synthesized by turnover. This suggests that turnover of proteins is not related to the formation of sucrose phosphorylase. "Turnover protein" here may thus (8, 10) . It has been suggested that proteolytic enzymes responsible for the degradative phase of protein turnover may be inactive in growing cells because of binding to particles (Iysosomes?), and that this binding requires the expenditure of energy (9) . If the flow of energy is stopped, the proteolytic enzyme would thus be released and protein breakdown initiated. It is also possible that a specific amino acid(s) or peptide is present in the soluble pool of growing cells and that this substance prevents proteolysis. Then, under conditions that restrict the synthesis of this inhibitor (i.e., carbon starvation), the proteolytic enzyme is free to act on available substrates.
